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@ Transparent material having antireflective coating. 

© A transparent material having an antireflective coating 
comprising aUeajsttwo layers, which is formed at leasj^ g 

^hVthietCh^sTVid refractive index o^Us^Y^K^^ 
contiguous to the substrfcte-andWffficRness and refractive 
index of the outerrtiesHaygrrjgyer O) satisfy the following 
requirements: 

ixx0.7<n,d l <-l-X.xl.3. and 

4 4 
< ^x0:7<n o d o <^X.x1.3. 

wherein n, is the refractive index of layer I. no . is the ref rac- 
« tive index of layer O. d, is the film thickness (nm) of layer i, 
CO nthe film thickness (nm) of layer O. . P^g^rt 
TO m is an odd positive integer and X * an optional standard 
0> wavelength (nm) selected within the visible ray wavelength 
V- reqlon or in ttie vicinity thereof. The requirements of n, > no 
Z and n" > n 3 in which n. is the refractive index of the sub- 
^ strate ara also satisfied. The composition for forming ayer 

Of comprises at least one member selected from Ti. Al and 
Zr S, acylates, chelate compounds of these metals 
ft. and Mqufd dispersions of oxides of these metals m an 
Jj amount of at least 10wt.% as the metal ox.de equ.valent 



weiqht based on the coating layer-forming components. 
The composition for forming layer O cornprises an organic 
siTcon compound of the formula: R'.R* b Si(ORW> "her e.n 
R' and R« are a C(1-10) hydrocarbon group which contains 
alkyl. alkenyl. aryl. halogeno, epoxy, amino, mercapto, 
methacryloxy or cyano, R is alkyl. alkoxyalkyr °^cy« a and 
b are 0 or 1. and the sum of a and b is 1 or 2, and/or a 
hvdrolyzed product of the organic silicon compound in an 
amount of at least 20 wt.% as the solid content equivalent 
weight, based on the coating layer-forming components. 
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TRANSPARENT MATERIAL HAVING ANTIREFLECTIVE COATING 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to an antiref lective 

coating which can easily be formed and which is excellent 
in durability, heat resistance and impact resistance and 
has a good dyestuff permeability, and also to a transparent 
material excellent in the an tire flee tive property, which 
has this antiref lective coating on the surface thereof. 

(2) Description of the Prior Art 
When a thing is viewed through a transparent 

material, if reflected light is intense and a reflected 
image is clear, the observation is annoying. For example, 
in case of an eyeglass lens, a reflected image called a "ghost" 
or "flare" is formed and gives an unpleasant feeling to the 
15 eyes. Moreover, in case of a looking glass or the like, the 
object is blurred by reflected light on the glass surface. 

As means for preventing reflection, there has 
heretofore been adopted a method in which a coating of a 
material having a refractive index different from that of a 
substrate is formed on the substrate by vacuum evaporation 
deposition or the like. It is known that in order to enhance 
the reflection-preventive effect in this method, selection 
of the film thickness of the material covering the substrate 
is very important. For example, it is known that in case 
of a monolayer coating film, if the optical thickness of 
the substance having a lower refractive index than that of 
the substrate is adjusted to 1/4 of the wavelength of the 
objective ray or an odd number of times thereof, a minimum 
reflectance, that is, a maximum transmittance, is obtained. 
By the term "optical thickness" used herein is meant the 
product of the refractive index of the coating film- forming 
material and the thickness of the coating film. 

Furthermore, formation of a multilayer antireflec- 
tive coating is also known, and several proposals have been, 
made in connection with selection of the thickness [see 
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"Optics of Thin Films", pages 159-283, A. Vasicek (North- 
-Holland Publishing Company), Amsterdam (I960)]. 

These antiref lective coating films formed by vacuum 
evaporation deposition involve the following problems in some 
application fields* 

(1) Since a high degree of vacuum is necessary, 
the size and material of the substrate are restricted. 
Moreover, the manufacturing time is prolonged, resulting 
in reduction of the productivity and increase of the manu- 
facturing cost. 

(2) Heating to a considerable extent is ordinarily 
necessary, and in some substrates, deformation or degradation 
is caused . 

(3) The coating film- forming material used is in 
principle an inorganic oxide. Although an inorganic oxide 
gives a compact and dense film, if a plastic material is 
used as the substrate, reduction of the heat resistance and 
adhesion is caused owing to the difference in the coeffi- 
cient of linear expansion between the coating film and the 
substrate. 

(4) A dyestuff permeability, which is necessary 
for dyeing as effective means for coloring the transparent 
substrate, is completely lost. 

(5) Also in a glass covered with a dyeable 
material, loss of the dyeability and reduction of the heat 
resistance and adhesion are similarly caused. 

As means for rendering the surface of an optical 
element substantially non-reflecting without adopting the 
vacuum evaporation deposition technique, there can be men- 
tioned a method in which a coating having fine particles is 
formed (see U.S. Patent No. 2,536,764) and a method in which 
an optical element of polymeric material is provided with a 
microstructured surface (see D.S. Patent No. 4,114,983). 
in these methods, reflected light is scattered to render the 
reflected image dim. However, also the light transmitted 
through the transparent material is scattered, and therefore, 
the effect of improving the transmittance while reducing the 
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reflectance, as attained in the above-mentioned coating 
film obtained by vacuum evaporation deposition, cannot be 
attained. Furthermore, there is known a method in which a 
silicon coating is formed on a plastic substrate and then 
5 subjected to plasma polymerization to attain an antireflec- 
tive effect (see U.S. Patent No. 4,137,365). However, the 
dyestuff permeability is lost and since the coating film is 
formed from the gas phase, as in the vacuum evaporation 
deposition method, the productivity is low and the production 

10 cost is high. 

We previously proposed an an tire flee tive coating 
film having a dyestuff permeability, which is formed by 
treating an organic film containing inorganic fine particles 
with an activating gas (see U.S. Patent Application Serial 

15 No. 205,346). This coating film, however, is insufficient 
in heat resistance and water resistance at high 

temperatures . 

Moreover, there is known an an tire flee tive coating 
film for a solar cell, formed by the liquid two-layer coating 

20 method in which TiO^-SiO^-f orming compounds are used for 

the first layer and SiO^-forming compounds are used for the 
second layer (see Applied Optics, Vol. 18, No. 18, pages 
3133-3138). This antire flee tive coating film, like the 
coating film formed by the vacuum evaporation deposition 

25 method, has no dyestuff permeability, and this antiref lective 
coating film is readily cracked or broken by thermal or 
mechanical deformation . 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to 
30 provide an antiref lective coating having a dyestuff permea- 
bility, which is excellent in durability, heat resistance 
and impact resistance. 

Another object of the present invention is to provide 
a dyeable transparent material which has an antiref lective 
35 coating excellent in durability, heat resistance and impact 
resistance . 

More specifically, in accordance with the present 
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invention, there is provided a transparent material having 

an an tire flee tive coating comprising at least two layers, 

which is formed at least on a part of the surface of a 

substrate, wherein the thickness and refractive index of 

the layer (layer I) contiguous to the substrate and the 

thickness and refractive index of the outermost layer 

(layer O) satisfy the following requirements: 

4a x 0.7 < n T d^. < 4* x 1.3, and 
4 114 

?A x 0.7 < n d < S X x 1.3, 
4 O O 4 

wherein n^ represents the refractive index of the 
layer contiguous to the substrate, n Q represents 
the refractive index of the outermost layer, d^. 
represents the film thickness' (in nm) of the 
layer contiguous to the substrate, d Q represents 
the film thickness (in nm) of the outermost layer, 
£ is a positive integer , m is an odd positive 
integer and X stands for an optional standard 
wavelength (in nm) selected within the visible 
2o ray wavelength region or in the vicinity thereof, 

and n^. > n Q and n ][ > n g 

wherein n represents the refractive index of the 
substrate, 

the composition for forming the layer contiguous to the 
2 5 substrate is a composition comprising at least one member 

selected from the group consisting of alkoxides and acylates 
of titanium, aluminum and zirconium having 1 to 12 carbon 
atoms, preferably 1 to 8 carbon atoms, chelate compounds of 
said metals and dispersed phases in liquid of oxides of said 
30 metals, in an amount of at least 10% by weight as the metal 
oxide equivalent weight, based on the weight of the coating 
layer-forming components, and the composition for forming 
the outermost layer is a composition comprising at least 
one compound selected from the group consisting of an 
35 organic silicon compound represented by the following 
general formula: 

Rl a R2 b S i(° R )4- a -b 
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1 2 

wherein R and R independently stand for a hydro- 
carbon group having 1 to 10 carbon atoms, which 
contains an alkyl f alkenyl , aryl, halogeno, epoxy, 
amino, mercapto, methacryloxy or cyano group, R 
5 stands for an alkyl, alkoxyalkyl or acyl group 

having 1 to 8 carbon atoms, a and b are 0 or 1 , 
and the sum of a and b is 1 or 2 , 
and a hydrolyzed product of said organic silicon compound 
in an amount of at least 20% by weight as the solid content 
10 equivalent weight and based on the weight of the coating 
layer-forming components . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the reflective photospectrum 
of an antiref lective lens exhibiting a yellowish green 
15 reflected light color according to one embodiment of the 
present invention. 

Fig. 2 is a graph showing the reflective photospectrum 
of an antiref lective lens having a magenta reflected light 
color according to another embodiment of the present 
20 invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The transparent substrate used in the present invention 
is a substrate having such a transparency that the haze value 
represented by the following formula is not more than 80%: 



25 



Haze value (percent) = light transmittance 

luminous transmxttance 



This transparent substrate may be colored or color-patterned 
according to need or may be covered with a coating giving a 

30 scratch resistance, so far as the haze value determined 
according to the above formula is not more than 80%. 

In order to attain the intended effects of the present 
invention, that is, the effects of reducing the luminous 
reflectance and enhancing the luminous transmittance, it is 

35 preferred that the transparency of the substrate be as high 
as possible. A substrate in which reduction of the luminous 
reflectance is sufficient only on one surface and the ' 
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opposite surface is covered with an opaque material may 
also be used as the transparent substrate in the present 
invention. In this case, the haze value should be defined 
as that of the substrate from which the opaque material on 
5 the opposite surface is removed. 

Molded articles, sheets and films of glass and plastic 
materials can be mentioned as the transparent substrate. 
When a plastic article is used as the substrate, a coating 
material may be applied to the substrate for improving or 

10 imparting such properties as adhesion, hardness, chemical 
resistance, durability and dyeability. However, the 
substrate covered with this coating material should have 
the above-mentioned transparency, that is, a haze value 
of not more than 80%. 

15 In the present invention, liquid compositions are 

applied to the transparent substrate to form a multilayer 
antireflective coating thereon. In these liquid compo- 
sitions, it is not indispensable that all the components 
be liquid. For example, some components are dispersed as 

20 particulate solid substances to give a heterogeneous com- 
position, so far as the composition as a whole can be treated 
as a liquid in the coating operation. From the viewpoint 
of the antireflective effect and surface-protecting effect, 
it is indispensable that the liquid compositions comprise 

25 components described below. 

The composition for forming the layer contiguous to the 
substrate should be a composition comprising at least one 
member selected from alkoxides and acylates of titanium, 
aluminum and zirconium having 1 to 12 carbon atoms, prefer- 

30 ably 1 to 8 carbon atoms, chelate compounds of said metals 
and dispersions in liquid of oxides of said metal | t ^ e f£ t 
" amount, as the metal oxide equivalent weight, of/10% by 
weight based on the weight of a coating- forming component. 
As examples of the metal compound, there can be mentioned 

35 metal alkoxides such as titanium te traethoxide, titanium 
tetra-i-propoxide, titanium tetra-n-propoxide, titanium 
tetra-n-butoxide, titanium tetra-sec-butoxide, titanium 
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tetra-ter t-butoxide, tetrakis ( 2-ethylhexoxy ) titanium, 
aluminum triethoxide, aluminum tr i-i-propoxide, aluminum 
tributoxide, zirconium tetraethoxide , zirconium tetra-i- 
-propoxide, zirconium tetr a-n-propoxide , zirconium tetra-n- 
5 -butoxide, zirconium tetra-sec-butoxide and zirconium tetra- 
-tert-butoxide; metal acylates such as titanium dibiitoxide 
diacetate and titanium dibutoxide dipropionate; chelate 
compounds such as di-i so pro poxy titanium bisace tylacetonate , 
dibutoxy titanium bisacety lacetonate , diethoxy titanium bis- 

10 acetylacetonate, zirconium tetrakisacetylacetonate, zirconium 
monobutoxytrisacetylacetonate, zirconium dibutoxybisacetyl- 
acetonate, zirconium tributoxyacety lacetonate, aluminum 
acetylacetonate, aluminum di-n-butoxide monoethylaceto- 
acetate, aluminum di-i-propoxide monomethy lacetoacetate , 

15 tri-n-butoxide zirconium monoethy lacetoacetate, n-butoxide 
zirconium trise thy lace ton ate and di-n-butoxide bisethyl- 
acetonate; and oligomers and polymers obtained by conden- 
sation of hydrolysate of the above-mentioned alkoxides. 
Furthermore, dispersions in liquid, especially in water or 

20 alcohol, of fine particles of oxides of titanium, aluminum 
and zirconium may be used . 

Based on the supposition that the above-mentioned metal 
compound is converted to (Ti0 2 ) x , ( Al 2 °3 ) y or (2r °2 ) z (which 
x, y and z are positive integers) in the formed coating, , the 

25 amount of this metal compound is expressed as the metal oxide 
equivalent weight. It is indispensable that the above- 
-mentioned metal compound be contained in an amount, as the 
metal oxide equivalent weight, of at least 10% by weight 
based on the weight of the coating layer-forming components. 

30 if the amount of the metal compound is smaller than 10% by 
weight, the antiref lective effect is undesirably low. 

The composition for forming the outermost layer should 
be a composition comprising at least one compound selected 
from organic silicon compounds represented by the following 

35 general formula: 

R 1 R 2 . SilOR), 

a b 4-a-b 

and hydrolyzed products of said organic silicon compounds in 
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an amount, as the solid content equivalent weight, of at 
least 20% by weight based on the weight of coating layer- 
- forming components. 

1 2 

In the above general formula, R and R stand for a 
5 hydrocarbon group having 1 to 10 carbon atoms, which contains 
an alkyl, alkenyl, aryl, halogeno, epoxy, amino, mercapto, 
methacryloxy or cyano group, R stands for an alkyl, alkoxy- 
alkyl or acyl group having 1 to 8 carbon atoms, a and b are 
0 or 1, and the sum of a and b is 1 or 2, 

10 As examples of the above-mentioned organic silicon 

compound, there can be mentioned trialkoxy-/ triacyloxy- and 
triphenoxy-silanes such as methyltrimethoxysilane , methyl- 
trie thoxy s i 1 an e , me thy 1 tr ime thoxy e thoxy s i lane, me thy 1 tr i- 
acetoxysilane , me thy 1 tr ibu toxy s il ane , e thy Itr ime thoxy silane , 

15 ethyl trie thoxysi lane, vinyl tr imethoxysilane, vinyl trie thoxy - 
silane , vinyltriacetoxysilane , vinyl tr ime thoxy e thoxy silane, 
phenyl tr ime thoxy silane, phenyl trie thoxy silane , phenyl tri- 
acetoxysilane , y-chloropropyltr imethoxysilane, y-chloro- 
propyltrie thoxy silane, Y~c il l° ro P ro Pyl triacetoxysilane, 

20 3,3, 3- tr if luoropropyltr imethoxysilane, Y-methacryloxy- 
propy Itr imethoxysilane, y-aminopropyltr imethoxysilane, 
Y-aminopropyl triethoxysilane, y— mere ap to propyl tr imethoxy- 
silane, y -mercapto propyl triethoxysilane, N-B (aminoethyl )-Y- 
-aminopropyltrimethoxysilane, B -cyanoethyl triethoxysilane, 

25 methyl triphenoxysilane, chloromethyl tr ime thoxy silane, 

chlor ome thy 1 triethoxysilane, glycidoxymethyltr imethoxysilane , 
glycidoxyme thy 1 trie thoxy silane, a -glycidoxye thy Itr imethoxy- 
silane, ct-glycidoxyethyltriethoxysilane, 3 -glycidoxyethyl tri- 
me thoxy silane, 3 -g 1 y c id oxye thy 1 tr ie thoxy s i 1 ane , a — g 1 yc idoxy- 

30 propyltrimethoxysilane, a -glycidoxy propyl trie thoxy silane , 
B -glycidoxypropyltr imethoxysilane, B -glycidoxy propyl tri- 
ethoxysilane , y -glycidoxypropyltr imethoxysilane, y -glycidoxy- 
propyltr iethoxysil ane, y-glycidoxypropyl tripropoxy silane, 
Y-glycidoxypropyltributoxysilane, y -glycidoxy propyl tri- 

3 5 me thoxy e thoxy s il ane , y -g 1 y c id oxy pr opy 1 tr iphenoxys i 1 ane , 

a-glycidoxybuty Itr ime thoxy silane, a-glycidoxybuty Itr iethoxy- 
sil ane, B-glycidoxybuty Itr imethoxysilane, B -glycidoxy butyl- 
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triethoxysilane, y-glycidoxybutyl trime thoxys ilane , 
y-glycidoxybuty 1 trie thoxy si lane , 6-glyc id oxy butyl txime thoxy- 
silane, 6-glycidoxybuty 1 triethoxysilane , ( 3 , 4-epoxycyclo- 
hexyl ) methyl tr ime thoxy s i 1 an e , ( 3 , 4-epoxycyclohexy 1 ) me thyltri- 
5 ethoxysilane , 3- ( 3 , 4-epoxycyclohexy 1 ) e thy 1 trime thoxy silane , 
6 - ( 3 , 4-epoxycyclohexyl ) ethyl trie thoxys i lane , 0- ( 3 , 4-epoxy- 
cyclohexyl ) ethyl tr ipropoxy silane , 6- ( 3 , 4-epoxycyclohexyl ) — 
e thy ltributoxysi lane, 6 -( 3 , 4-epoxycyclohexyl ) ethyl trimethoxy- 
e thoxysilane, B-(3 , 4-epoxycyclohexyl ) ethyl triphenoxysilane , 

10 y — ( 3 , 4-epoxycyclohexyl ) propyl trime thoxys ilane, y - { 3 , 4-epoxy- 
cyclohexyl ) propyl trie thoxy silane , 6- ( 3 , 4-epoxycyclohexyl ) - 
butyl trimethoxysilane and 6 -( 3 , 4-epoxycyclohexy 1 ) butyl tri- 
ethoxysilane; and dialkoxysilanes and diacyloxysilanes such 
as dimethyl dime thoxy silane, phenylme t hy Id ime thoxys ilane , 

15 dimethyl die thoxy silane , phenylme thy 1 die thoxy silane , Y -chloro- 
propylme thy 1 dime thoxy silane , y-chloropr opylme thy Id iethoxy- 
silane, diraethyldiacetoxysilane, y -me thacryloxypropylmethy 1 — 
dime thoxy silane, y-methacryloxypropylme thy Id iethoxysilane, 
y-mercaptopropylme thy ldime thoxy silane, y -mercaptopropyl- 

2 0 methyl die thoxys ilane, y- amino propyl me thy ldime thoxy silane , 

y -aminopr opylme thy ldiethoxys ilane, methylviny ldime thoxy- 
s ilane , methylviny ldiethoxys ilane , glycidoxyme thylmethyl- 
dimethoxy silane , glycidoxyme thylmethyldiethoxysilane , 
Or-glycidoxyethylmethyldimethoxysilane, a -glycidoxyethyl- 

25 me thy ldiethoxys ilane, B-glyc id oxye thy 1 me thy ldime thoxy silane, 
S -glycidoxyethylmethyldiethoxysilane , a -glycidoxypr opyl- 
me thy ldime thoxy silane , a -glycidoxypr opylme thy Id iethoxysilane, 
0 -glycidoxypropylmethyldimethoxysilane, 6-glycidoxypr opyl- 
me thy ldiethoxys ilane, y-glyc id oxy pr opylme thy ldime thoxy silane, 

30 y -glycidoxypropylmethyldiethoxysilane, y -glycidoxypropy 1- 

me thy ldipropoxy silane, y -glycidoxypropy Ime thy ldibutoxys ilane, 
y -glycidoxypropylmethyldimethoxyethoxysilane, y-glycidoxy- 
pr opylme thy ldiphenoxysilane, Y -glycidoxypropy lethyldime thoxy- 
silane, Y -glycidoxypropylethyldie thoxysilane , y-glycidoxy- 

3 5 propylvinyldime thoxysilane, y -glycidoxypropy lvinyldiethoxy- 

silane, y -glycidoxypropy lpheny ldime thoxysilane and Y- 
-glycidoxypropylpheny ldiethoxys ilane. 

These organic silicon compounds may be used either alone 
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or in the form of a mixture of two or more of them. In order 
to impart the dyeability, use of epoxy group-containing 
organic silicon compounds is especially preferred. 

In order to lower the curing temperature and promote 
5 the hardening, it is preferred that these organic silicon 
compounds be used after they are hydrolyzed. 

The hydrolysis can be accomplished by adding pure water 
or an aqueous acid solution such as hydrochloric acid, acetic 
acid or sulfuric acid to the organic silicon compound and 

10 stirring the mixture. The degree of hydrolysis can easily 
be controlled by adjusting the amount of pure water or the 
aqueous acid solution used. In view of promotion of the 
hydrolysis, it is especially preferred that 1 to 3 moles, 
per mole of the alkoxy group, of pure water or the aqueous 

15 acid solution be added for the hydrolysis. 

Since an alcohol or the like is produced upon hydroly- 
sis, the hydrolysis can be carried out in the absence of 
a solvent. However, in order to perform the hydrolysis 
uniformly, there may be adopted a method in which the organic 

2o silicon compound is mixed with a solvent and the hydrolysis 

is then carried out. Furthermore, for a certain purpose, the 
hydrolyzed product may be used after an appropriate amount of 
the alcohol or the like produced by the hydrolysis is removed 
by heating and/or under reduced pressure. Moreover, in order 

25 to promote the hydrolysis reaction and advance the pre- 
-condensation A the reaction mixture may be heated at a 
temperature higher than room temperature. Needless to say, 
in order to control the pre-condensation, the hydrolysis 
reaction may be carried out at a temperature of not higher 

30 than room temperature. 

It is indispensable that the organic silicon compound 
or the hydrolyzed product thereof be contained in an amount, 
as the solid content equivalent weight, of at least 20% by 
weight based on the weight of the coating layer- forming 

35 components. 

The solid content equivalent weight referred to herein 
means the amount equivalent to the formula weight, corre- 
1 2 

spending to R a R h s±Q^r^ g.^/the organic silicon compound 
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represented by the general formula R q R i ( OR ) 4-a _ b • For 
example, in case of methyl trimethoxysilane [CH^Si (OCH^ ) : 
molecular weight = 136] , the solid content equivalent weight 
of 1 g of this compound is the amount corresponding to 
5 CH 3 Si0 3/2 (formula weight = 67), that is, 0.493 g (= 67/136). 
If the solid content equivalent weight of the organic 
silicon compound or the hydrolyzed product thereof is smaller 
than 20% by weight, such properties as surface hardness, 
flexibility and durability are degraded. 

10 In order to obtain a coating which can be practically 

acceptable in such properties as refractive index r hardness, 
durability, dyeability, water resistance, smoothness and 
adaptability to the coating operation, various components 
may be added to the respective coating compositions for 

15 forming an an tire f lective coating in addition to the above- 
-mentioned indispensable components. As the coating layer- 
-forming component, there may preferably be used various 
organic resins and aqueous or organic solvent dispersions of 
various inorganic fine particles, especially, silica called 

20 "colloidal silica", which has an average' particle diameter 
of 5 to 100 nm ( surf ace- treated silica and coated silica 
are included). 

As the organic resin to be suitably employed for 
formation of a coating layer having a relatively high 

25 refractive index, there are preferably used resin compo- 
sitions having a relatively high refractive index, such as 
compositions comprising polystyrene, a polystyrene copolymer, 
a polycarbonate, a polymer having an aromatic ring group 
other than polystyrene, a polymer having a heterocyclic or 

30 alicyclic group or a polymer containing a halogen other than 
fluorine, thermosetting resin— forming compositions comprising 
a melamine resin, a phenolic resin or an epoxy resin as a 
curing agent, ur ethane- forming compositions comprising an 
alicyclic or aromatic isocyanate and/or a polyol, and com- 

35 positions comprising a modified resin or prepolymer rendered 
radical— cur able by introducing a double bond into a compound 
as described above . 
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As the organic resin to be suitably employed for 
formation of a coating layer having a relatively low 
refractive index,, for example, an outermost layer, there 
axe preferably used resin compositions having a relatively 
5 low refractive index, such as compositions comprising an 
aromatic ring— free vinyl copolymer inclusive of an acrylic 
copolymer, a fluorine- substituted polymer, an aromatic 
ring-free polyester, a cellulose derivative, a silicone 
polymer or a hydrocaxbon polymer, compositions comprising 

10 a prepolymer of a polymer as mentioned above, compositions 
comprising a curable functional group-containing polymer 
selected among the foregoing polymers and a curing agent, 
and compositions comprising a modified resin or prepolymer 
rendered radical— curable by introducing a double bond into 

15 a compound as described above. 

Moreover, tetraalkoxysilanes such as methyl silicate, 
ethyl silicate, n-propyl silicate, i- propyl silicate, 
n-butyl silicate, sec-butyl silicate and t-butyl silicate, 
and hydrolyzed products thereof may preferably be used. 

20 If a tetraalkoxysilane or a hydrolyzed product thereof is 

incorporated into the outermost layer, an antistatic effect 
can be given to the antiref lective coating. 

Various additives, for example, a leveling agent and 
a defoamer for improving the adaptability to the coating 

25 operation, an ultraviolet absorber and an antioxidant as 

the coating modifier, and a surfactant for giving an anti- 
fogging property and an antistatic property may be added to 
the liquid coating compositions. 

In the. coating .operation, the compositions are ordina- 

3 0 rily coated in the state diluted with a volatile solvent. 

The kind of the solvent is not particularly critical, but an 
appropriate solvent should be selected while the stability 
of the compositions, the wetting property to the transparent 
substrate and the volatility are taken into consideration. 

35 The solvent may be used either alone or as a mixture of two 
or more solvents. 

Certain solvents axe effective for stabilizing the 
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liquid coating compositions. For example, an alcohol having 
up to 8 carbon atoms, a monoalkyl ether or ethylene glycol 
or diethylene glycol, a diketone such as ace ty lace tone, an 
organic acid such as acetic acid and a keto ester such as 
ethyl acetoacetate are especially effective for stabilizing 
alkoxides and chelate compounds of titanium, zirconium and 
aluminum. 

By the term "liquid coating composition" used herein is 
meant a composition having a viscosity ordinarily applicable 
to the coating operation, and this liquid coating composition 
has a viscosity of not more than 10 poises, preferably not 
more than 1 poise, at the application temperature. In case 
of a liquid composition havingr too high a viscosity, it is 
difficult to obtain a uniform coating. Customary coating 
15 methods may be adopted, but in order to control the film 
thickness of the coating layer, curtain flow coating, dip 
coating, roller coating and spin coating methods are prefer- 
ably adopted. 

In order to attain the objects of the present invention, 

20 any transparent material may be used as the transparent 
substrate, but in view of the fact that liquid compositions 
are coated, glass and plastic materials are especially 
preferred. As the plastic material, there are preferably 
used polymethyl methacrylate, a copolymer thereof, a 

25 polycarbonate, a diethylene glycol bisallyl carbonate 

polymer (CR-39), a polyester, particularly polyethylene 
tereph thai ate, an unsaturated polyester, an acrylonitrile- 
-styrene copolymer, a vinyl chloride polymer resin, a 
polyurethane and an epoxy resin. Glass substrates may 

30 also advantageously be used. Moreover, a substrate of a 
plastic material as mentioned above or a glass substrate, 
which is covered with a coating material, can also prefer- 
ably be used. 

Such properties as adhesion, hardness, chemical 

35 resistance, durability and dyeability can be improved by 
the coating material of the undercoat layer beneath the 
antireflective coating of the present invention. Various 
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materials known to provide surface-hardened coating films of 
plastics may be used for improving the hardness (see, for 
example, U.S. Patents No. 3,894,881 and No. 4,211,823). 
A dyeable, highly hardened coating film disclosed in U.S. 
Patent No. 4,211,823 is especially preferably applied to the 
antiref lective multilayer coating of the present invention 
because the ob3ect of obtaining an antiref lective coating 
having a dyestuff permeability, can/effectively attained. 

Various combinations of the substrate or coated 
substrate and the antiref lective multilayer coating may 
be considered for attaining the objects of the present 
invention, and optimum combinations can be experimentally 
determined according to intended applications. 

The above-mentioned liquid coating compositions are 
coated on a transparent substrate as described above. The 
coated compositions for the respective layers may be heat- 
-cured and/ or dried stepwise. Furthermore, there may be 
adopted a method in which a coating film of the first layer 
is pre-cured and/or dried and a second layer is then coated 
and cured. In case of a three-layer antiref lective coating, 
there may be adopted a method in which first and second 
layers axe independently pre-cured and/or dried and a third 
layer is then coated and heat-cured and/or dried- Heating 
may be accomplished by hot air or infrared rays. The heating 
temperature should be decided according to the transparent 
substrate to be coated and the coating composition to be 
used, but the heating temperature is ordinarily 50 to 250°C 
and preferably 60 to 200 -C. If the heating temperature is 
too low, curing or drying is insufficient, and if the heating 
temperature is too high, thermal degradation is caused, 
resulting in occurrence of such troubles as yellowing. 

Furthermore, curing may be effected with radiation 
such as ultraviolet rays, electron beams or gamma rays by 
utilizing curable functional groups, for example, double 
bonds in a polymer or prepolymer . 

In the cured multilayer antiref lective coating, it is 
indispensable that the refractive index (n^.) of the layer 
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contiguous to the substrate and the refractive index (n Q ) 
of the outermost layer satisfy the requirements of n^ > n Q 
and n > n , in which n represents the refractive index 
of the substrate (the coating material in case of the coated 
5 substrate) . It is preferred that n^ be higher by at least 
0.03, more preferably by at least 0.05, than n Q and n g . 

In case of a three-layer an tire flee tive coating, it is 
preferred that the requirement of n s < n x < n M be satisfied 
in which n g and are as defined above and n M represents 
10 the refractive index of the intermediate layer, and it also 
•is preferred that the film thickness d M of the intermediate 
layer satisfy the following requirement: 
£\ x 0.7 < n d < ~\ x L3 

4 M M 4 • 

Furthermore, it is preferred that n M be higher by at 

15 least 0.03, more preferably by at least 0.05, than n I . 

In coating the compositions for the respective layers 

of the multilayer antiref lective coating, the adhesion can 

be improved if the layers contiguous to each other are 

subjected to a chemical or physical treatment. 

20 In the present invention, it is indispensable that the 

_ ^ .innermost and outermost lavers 
thickness of the / of the antireflectiVe coating and 

/ most desirably that .of the intermediate layer to if present, be 
/ within the range satisfying Ifne above -mentioned requirement.. 

If the above-mentioned relation between the thickness 

and the refractive index is not established in the respective 

25 layers of the antiref lective coating, no substantial anti- 
reflective effect can be attained. When the two-layer 
antiref lective coating is compared with the three— layer 
antiref lective coating, it is seen that the former coating 
is advantageous in that the frequency of the coating oper- 

30 ation is reduced and a product having a good uniformity and 
a good dyestuff permeability can easily be obtained, while 
the former coating is inferior in that the reflectance is 
readily influenced by the thickness unevenness and when the 
reflectance is set at a predetermined value, the range for 

35 selection of the color of refl ected light is restricted. 

The transparent material having the above-mentioned 
antiref lective coating is effectively used for a vehicle 



BNSDOC10: <EP 01 19331A1_I_> 



0119331 



- 16 - 

window or building window, an optical lens such as an 
eyeglass lens or camera lens or a cover for various display 
devices, especially a CRT filter (cathode ray tube filter). 
In case of a CRT filter, if a circular polarization plate 
5 is used as the substrate, rays transmitted through the 

filter drastically attenuate rays reflected on the surface 
of CRT and simultaneously attenuate rays reflected from the 
filter. Thus, a characteristic antiref lective filter can 
be provided . 

10 Since the antiref lective coating of the present inven- 

tion has a dyestuff permeability, the dyeable substrate or 
coated substrate can be dyed in the present invention. For 
example, in case of a plastic eyeglass lens, for protection 
of eyes and improvement of the fashion property, there is 

15 often adopted a method in which the lens is partially or 

entirely colored by dyeing. However, since antiref lective 
coatings formed by the conventional antiref lective processing 
method utilizing the vacuum evaporation deposition technique 
have no dyestuff permeability, for attaining the antireflec- 

20 tive effect and coloring lenses, there has heretofore been 

adopted a method in which a lens substrate is dyed in advance 
or an originally colored lens substrate is used and the lens 
substrate is subjected to an antiref lective treatment. Anti- 
reflective colored lenses formed according to this method, 

25 however, involve the following problems. 

(1) Since a high degree of vacuum is necessary for 
forming an antiref lective coating by the vacuum evaporation 
deposition method, the density and hue of the colored lens 
to be treated are changed by the an tire flee tive coating- 

30 -forming operation, and therefore, the reproducibility is 
poor . 

(2) Since formation of the antiref lective coating is 
carried out after coloration of the lens, requirements for 
a variety of colorations cannot easily be satisfied. 

35 (3) In the case where an error is made at the anti- 

reflective treatment step, correction is difficult, and the 
manufacturing cost is significantly influenced. 
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In the case where the antiref lec tive coating of the 
present invention is employed, since the antiref lec tive 
coating is first formed and the dyeing operation is then 
carried out, the foregoing disadvantages can be eliminated. 
5 The dyeing referred to in the present invention includes 

not only entirely uniform dyeing or graduated dyeing of the 
lens or antiref lec tive coating with an organic dyes tuff such 
as a disperse dye, a basic dye, an acid dye or a metal 
complex dye but also pattern dyeing using a transfer sheet. 

10 The properties of the dyestuff should be controlled appro- 
priately according to the intended use by using water, a 
paste, a dyeing assistant, a leveling agent, a pH control 
agent and the like. In order to increase the dyeing speed 
and density, an organic chemical "carrier" may be 

15 added to the dyestuff to enhance the dyeing characteristics. 
A viscous pasty dye solution thus prepared is applied to 
the antiref lective coating according to the screen printing 
method or the like, or pattern dyeing can be accomplished 
according to a method in which a pattern is printed on a 

20 flexible substrate such as paper, cloth or film with the 
dye paste, the printed substrate is applied to the anti- 
reflective coating to produce a close adhesion state between 
the surfaces of the dye layer and the an tire flee tive coating 
and the assembly is subjected to a dry or wet heat treatment 

25 at 60 to 200°C for 10 minutes to 2 hours to effect transfer 
of the dye to the coating and fixation of the dye. After 
the dyeing operation, the excessive dye paste or dye- 
-supporting layer is removed by washing with warm water or 
cold water. 

30 As the dyestuff, there may be used not only coloring 

dyes having an absorption in the visible wavelength region 
but also photochromic dyes to be colored by ultraviolet 
rays and fluorescent dyes emitting fluorescence. 

The transparent material having the antiref lective 
35 coating according to the present invention has the following 
effects in addition to the antiref lective effect. 

(1) The transparent material can be dyed with a 
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disperse dye or the like . 

(2) The heat resistance and hot water resistance are 
excellent. 

(3) The surface hardness is high and the transparent 
material has a high scratch resistance. 

(4) The chemical resistance is excellent. 

The present invention will now be described in detail 
with reference to the following Examples that by no means 
limit the scope of the invention. 

Example 1 

(1) Preparation of Coating Composition for First Layer: 

A beaker equipped with a rotor was charged 
with 368 g of n— propyl alcohol, 42.7 g of phenetyl alcohol 
and 0.6 4 g of a silicone type surfactant, 17.8 g of 
colloidal silica dispersed in methanol (average particle 
diameter = 12 ± 1 nm, solid content - 30%) was added to 
the liquid mixture at room temperature with stirring and 
23 g of tetra-n-butyl titanate was further added to form a 
coating composition. 

(2) Preparation of Coating Composition for Second 
Layer : 

(a) Preparation of Silane Hydrolyzate: 

A mixture of 14.1 g of y-glycidoxypropyl- 
trimethoxysilane, 14.3 g of y-glycidoxypropylmethyldiethoxy- 
silane and 30.7 g of y-chloropropyltrimethoxysilane was 
cooled to 10 °C, and then 13.6 g of a 0.0 5N aqueous solution 
of hydrochloric acid was dropped to the mixture with stirring. 
The mixture was further stirred at room temperature for 
1 hour to obtain a silane hydrolyzate. 

(b) Preparation of Coating Composition: 

19.3 g of the above-mentioned silane 
hydrolyzate, 264.0 g of methanol, 29.0 g of water and 0.3 g 
of a silicone type surfactant were sufficiently mixed, and 
35.3 g of the same colloidal silica dispersed in methanol 
as used in (1) above and 1.1 g of aluminum acetylacetonate 
were added to the mixture. The resulting mixture was suffi- 
ciently stirred to form a coating composition. 
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(3) Coating and Curing: 

A diethylene glycol bisallyl carbonate polymer 
lens (Piano lens CR-39, 75 mm in diameter and 2.1 mm in 
thickness) , which had been dipped in an aqueous sodium 
5 hydroxide solution and washed, was coated with the coating 
composition prepared in (1) above according to the dip 
coating method at a pull-up speed of 10 cm/min. The coated 
lens was heat-cured for 20 minutes in an air drying oven 
at 90 °C, and immediately, the coated lens was treated under 

10 constant- temperature and cons tan t- humidity conditions of a 

temperature of 80°C and a relative humidity of 90% for 1 hour 
and was then heated and dried in an air drying oven at 110 °C. 
The refractive index of the obtained first layer was 1.62 
and the film thickness was 82 nnw The refractive index of 

15 the substrate (transparent substrate) contiguous to the 

first layer was 1.49. The obtained first layer was treated 
for 1 minute in a surface- treating plasma device (PR 501A 
supplied by Yamato Kagaku K.K.) at an oxygen flow rate of 
100 ml/min and an output of 50 W. 

20 The coating composition prepared in (2) above 

was coated for the sur face -treated first layer in the same 
manner as described above with respect to the coating 
composition for the first layer. The coated lens was heated 
and cured at 110°C for 1 hour. The refractive index of the 

25 obtained second layer was 1.43 and the film thickness was 
1.0 6 nm . 

The luminous transmittance of the obtained 
lens was 96.0% and the lens had an antiref lective effect. 
Incidentally, the luminous transmittance of the uncoated 
30 lens was 92.4%. 

Example 2 

(1) Preparation of Undercoating Composition: 
(a) Preparation of Silane Hydrolyzate; 

106.8 g of y -glycidoxypropylmethyldi- 
3S ethoxysilane was cooled to 10°C, and 15.5 g of an aqueous 

0.05N hydrochloric acid solution was gradually dropped with 
stirring. After completion of the dropwise addition, the 
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mixture was stirred at room temperature for 1 hour to obtain 
a silane hydrolyzate. 

(b) Preparation of Coating Composition: 

To the above-mentioned silane hydrolyzate 
5 were added 25 g of an epoxy resin ("Epikote 8 27" supplied 
by Shell Kagaku Kabushiki kaisha) , 25 g of an epoxy resin 
("Epolite 3002" supplied by Kyoeisha Yushi Kagaku Kogyo K.K.), 
58.9 g of diacetone alcohol, 29.5 g of benzyl alcohol/ 310 g 
of methanol and 1.5 g of a silicone type surfactant, and 
10 416.7 g of the same colloidal silica dispersed in methanol 
as used in Example 1 and 12.5 g of aluminum acetyl ace ton ate 
were further added. The mixture was sufficiently stirred 
to obtain a t coating composition. 

(2) Coating, Curing and Pre-treatment of Undercoat: 

15 The same diethylene glycol bisallyl carbonate 

polymer lens as used in Example 1 was coated with the above- 
-mentioned coating composition according to the dip coating 
method, and the coated lens was heated at 93 °C for 4 hours. 
The cured lens was subjected to the same activating gas 

20 treatment as described in Example 1 as the pre-treatment. 
The treatment time was 30 seconds. 

(3) Production of An tire flee tive Coating: 

An antiref lective coating was formed by using 
the above undercoated lens in the same manner as described in 

25 Example 1 except that the coating composition for the second 
layer was diluted with 90 g of methanol and 10 g of water. 
The film thickness of the second layer was 95 nm. The 
refractive index of the substrate layer (undercoat layer) 
contiguous to the first layer was 1.50. 

30 (4) Test Results: 

The luminous transmittance of the obtained 
lens was 96.9%, and the reflected light had a reddish violet 
color. When the abrasion resistance of the obtained lens 
was examined by using steel wool #0000, hardly any scratches 

35 were formed by the abrasion. The antiref lective lens was 

dyed at 90 °C for 30 minutes by using a dyeing solution formed 
by dispersing and dissolving a mixture of red, blue and 
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yellow disperse dyes into water. The lens was dyed to such 
an extent that the luminous transmittance was reduced to 60%. 
Even by the dyeing treatment, the an tire flee tive effect was 
not reduced at all. 
5 Example 3 

(1) Preparation of Coating Composition for First Layer: 

(a) Preparation of Silane Hydrolyzate: 

To 23.6 g of y-glycidoxypropyltr imethoxy- 
silane was dropped 5.4 g of an aqueous 0.01N hydrochloric^ 
10 acid solution at 10°C, and after completion of the dropwise 
addition, the mixture was stirred at room temperature for 
1 hour to obtain a silane hydrolyzate. 

(b) Preparation of Coating Composition: 

5.24 g of the above-mentioned silane 
15 hydrolyzate, 19.4 g of tetr a-n-butyl titanate, 275.2 g of 

n-propyl alcohol and 0.15 g of aluminum ace ty lace ton ate 

were mixed together to form a coating composition. 

(2) Preparation of Coating Composition for Second 
Layer : 

20 17.4 g of the silane hydrolyzate prepared in 

(l)-(a) above and 0.13 g of a silicone type surfactant were 
added to 232 g of n-propyl alcohol, and then 0.5 g of 
aluminum ace ty lace tonate was added. The mixture was suffi- 
ciently stirred to form a coating composition. 

25 (3) Coating, Curing and Pre- treatment; 

A lens under coated in the same manner as in 
Example 2 was coated with the coating composition for the 
first layer and the coating composition for the second 
layer, prepared in (1) and (2) above, in the same manner as 

30 described in Example 1. The refractive index of the first 
layer was 1.73 and the film thickness was 70 nm, and the 
refractive index of the second layer was 1.48 and the film 
thickness was 117 nm. Incidentally, the refractive index 
of the substrate layer (undercoating layer) contiguous to 

35 the first layer was 1.50. 

(4) Test Results: 

The luminous transmittance of the obtained 
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lens was 97.0%. When the lens was subjected to the abrasion 
test in the same manner as described in Example 2, formation 
of scratches was not observed at all. 
Example 4 

5 (1) Preparation of Coating Composition for First Layer: 

26.0 g of tetra-n-butyl titanate and 20.0 g 
of the same colloidal silica dispersed in methanol as used 
in Example 1 were added to 358.5 of acetylacetone with 
stirring to form a coating composition. 
10 (2) Preparation of Coating Composition for Second 

Layer : 

To 6.94 g of the silane hydrolyzate prepared 
in (l)-(a) of Example 3 were added 260 g of n-propanol, 111 g 
of water and 3 2.0 g of ethyl cellosolve, and the mixture was 

15^ sufficiently stirred. Then, 13.3 g of the same colloidal 

silica dispersed in methanol as used in Example 1 and 0.4 g 
of aluminum acetyl ace tonate were added to the mixture, and 
the resulting mixture was sufficiently stirred to obtain a 
coating composition. 

20 (3) Coating and Curing: 

A polymethyl methacrylate cast sheet ("Sumipex" 
- " supplied by Sumitomo Kagaku Kogyo K.K., 2 mm in thickness) 
was washed with water and a detergent, and it was coated 
with the coating composition for the first layer according 

25 to the dip coating method at a pull-up speed of 10 cm/min. 
The coated sheet was dried for 60 minutes in an air drying 
oven at 93°C and dipped in hot water maintained at 50 °C for 
60 minutes, and after water drops were removed by nitrogen 
gas blowing, the sheet was heated and dried at 93 °C for 

30 6 0 minutes. The coating composition for the second layer 
was coated on the first layer according to the same dip 
coating method as described above with respect to the coating 
composition for the first layer, and the coated sheet was 
heated and cured for 2 hours in an air drying oven at 93°C. 

35 (4) Test Results: 

The luminous transmittance of the obtained 
polymethyl methacrylate cast sheet was 95.0%. Incidentally, 
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the luminous transmittance of the uncoated polymethyl 
me thacry late cast sheet was 92.2%. The refractive index of 
the first layer was 1.76 and the film thickness was 43 nm. 
The refractive index of the second layer was 1.4 3 and the 
film thickness was 92 nm. 

Incidentally, the refractive index of the 
substrate layer (polymethyl methacrylate cast sheet) contigu- 
ous to the first layer was 1.49. 
Example 5 

The procedures of Example 4 were repeated in the same 
manner except that an inorganic glass lens (65 mm in diameter 
and 2.0 mm in thickness) was used as the transparent sub- 
strate. 

The luminous transmittance of the obtained lens was 
96.0%. Incidentally, the luminous transmittance of the 
uncoated glass lens was 91.9%. The refractive indexes and 
film thicknesses of the first and second layers were the 
same as those in Example 4. The refractive index of the 
substrate layer (inorganic glass lens) contiguous to the 
first layer was 1.51. 

Example 6 

The procedures of Example 4 were repeated in the same 
manner except that an undercoated polymethyl methacrylate 
cast sheet described below was used. 

(1) Preparation of Undercoating Composition: 

(a) Preparation of Vinyltriethoxysilane 
Hydrolyzate: 

To 26.0 g of vinyltriethoxysilane was 
added 2.0 g of acetic acid, and 7.4 g of an aqueous 0.05N 
hydrochloric acid solution was dropped to the mixture with 
stirring while controlling the temperature to 20 °C to obtain 
a hydrolyzate . 

(b) Preparation of Methyl trimethoxysilane 
Hydrolyzate : 

To 37.2 g of methyltrimethoxysilane was 
added 2.8 g of acetic acid, and 14.7 g of an aqueous 0.0 IN 
hydrochloric acid solution was dropped to the mixture with 
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stirring while controlling the temperature to 20°C to obtain 
a hydrolyzate. 

(c) Preparation of Coating Composition: 

The hydrolyzates prepared in (a) and (b) 
• above were mixed together, and 8 g of xylene, 2 g of n-butyl 
acetate, 0.15 g of a silicone type surfactant and 0.2 g of 
sodium acetate were homogeneously dissolved in the above 
mixture to form a coating composition. 

(2) Coating and Curing of Under coating 
and Pre -treatment: 

The undercoating composition prepared in (1) 
above was coated on the same polymethyl methacrylate cast 
sheet as used in Example 4 according to the dip coating 
method at a pull-up speed of 20 cm/min, and the coated sheet 
was heated and cured for 2 hours in an air drying oven at 
90 °C. The obtained cast sheet was dipped in an aqueous 10% 
sodium hydroxide solution for 5 minutes at 30 °C to form a 
transparent sheet. 

(3) Test Results: 

The luminous transmittance of the obtained 
polymethyl methacrylate cast sheet was 9 8.0%, and the anti- 
reflective effect was so high that no substantial reflection 
was observed. When the abrasion test was carried out in the 
same manner as described in Example 2, formation of scratches 
was not observed at all. When the treated sheet was irradi- 
ated with ultraviolet rays for 20 hours in a Fade-meter, 
no change of the transmittance was observed, and it was 
confirmed that the treated sheet had a very good light 
resistance. The refractive index of the substrate layer 
(undercoat layer) contiguous to the first layer was 1.46. 
The refractive indexes and film thicknesses of the first and 
second layers were the same as those in Example 4. 
Example 7 

(1) Preparation of Coating Composition for First Layer, 
To 387 g of acetyl acetone were added 13.8 g 
of tetra-n-butyl titanate, 8.9 g of tetra-n-butyl zirconate 
and 21.3 g of the same colloidal silica dispersed in methanol 
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as used in Example 1 with stirring, and the mixture was 
sufficiently stirred to obtain a coating composition. 
(2) Coating, Curing and Test Results: 

Coating and curing were carried out in the 
5 same manner as described in Example 6 except that the above- 
-mentioned composition was used as the coating composition 
for the first layer. 

The luminous transmittance of the obtained 
cast sheet was 98.1%/ and the reflected light had a reddish 
10 violet color. At the abrasion test and the light resistance 
test using a Fade-meter, good results were obtained. The 
refractive index of the first layer was 1.56 and the film 
thickness was 101 nm, and the refractive index and film 
thickness of the second layer were the same as those of the 
15 second layer in Example 4. The refractive index of the 

substrate layer contiguous to the first layer was the same 
as the refractive index of the substrate layer of Example 6. 
Example 8 

(1) Preparation of Coating Composition for First Layer: 
20 73.3 g of tetra-n-butyl titanate and 85 g of 

the same colloidal silica dispersed in methanol as used in 
Example 1 were added to 796 g of acety lacetone with stirring, 
and 0,5 g of a silicone type surfactant was further added to 
obtain a coating composition. 
25 (2) Coating, Curing and Test Results: 

A lens undercoated according to the method 
described in Example 2 was spin-coated with the coating 
composition for the first layer prepared in (1) above under 
conditions described below. The coated lens was heated at 
30 93°C for 45 minutes, dipped in hot water maintained at 50 °C 
for 1 hour and then heated at 93°C for 45 minutes. 
Spin Coating Conditions: 

Rotation number - 350 0 rptn 
Rotation time - 25 second s 
35 A coating composition for the second layer , 

prepared in (3)-(b) below, was spin-coated on the first 
layer under the same conditions as adopted for formation of 
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the first layer, and the coated lens was heated and cured 
for 2 hours in an air drying oven at 93 °C. 

The luminous traasraittance of the obtained 
lens was 96.7%, and the reflected light had a reddish violet 
color. When the lens was subjected to the abrasion test and 
the light resistance test using a Fade-meter, good results 
were obtained- When the dyeing test was carried out in the 
same manner as described in Example 2, the lens was dyed to 
such an extent that the luminous transraittance was reduced 
to 55%, and the antiref lective effect was retained even after 
the dyeing treatment. When the impact resistance of this 
antiref lective lens was examined by the falling ball test 
according to the FDA Standard, no fracture was observed 
before or after the dyeing treatment, and it was confirmed 
that the lens had an excellent impact resistance. 

The refractive index of the first layer was 
1.598 and the film thickness was 85 nra. The refractive index 
of the second layer was 1.43 and the film thickness was 82 nra. 
The refractive index of the substrate layer (the undercoat 
layer) contiguous to the first layer was the same as that in 
Example 2, that is, 1-50. 

(3) Preparation of Coating Composition for Second 

Layer x 

(a) Preparation of Silane Hydrolyzate: 

19.8 g of an aqueous 0.05N hydrochloric 
acid solution was added dropwise to 56.5 g of y-glycidoxy- 
propyltrimethoxysilane and 24.0 g of vinyltriethoxysilane 
with stirring while controlling the temperature to 10°C. 
After completion of the dropwise addition, the mixture was 
stirred for 1 hour at room temperature to obtain a silane 

hydrolyzate . 

(b) Preparation of Coating Composition: 

234 g of n-propanol, y*.4 g of water, 
31.8 g of ethyl cellosolve, 36.7 g of the same colloidal 
silica dispersed in methanol as used in Example 1, 0.25 g 
of a silicone type surfactant and 1.1 g of aluminum acetyl- 
acetonate were added to 22.1 g of the above-mentioned silane 
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hydrolyzate, and the mixture was sufficiently stirred to 
obtain a coating composition. 
Example 9 

(1) Preparation of Coating Composition for First Layer: 
5 9.9 g of the y -glycid oxy propyl tr imethoxysil an e 

hydrolyzate prepared in (l)-(a) of Example 3 was mixed with 
5.6 g of methanol, 76.2 g of benzyl alcohol and 0.6 g of 
aluminum acetylacetonate , and the mixture was sufficiently 
stirred to form a homogeneous solution. Then, 120 g of 
10 ethylene glycol, 122 g of n-propyl alcohol and 0.4 g of a 
silicone type surfactant were added to the above solution 
(liquid A). Separately, 23.5 g of colloidal titanium oxide 
sol dispersed in water (average particle diameter = about ( 
50 nm, solid content = 35.8%) was added to 33.5 g of 
15 ethylene glycol, 25.7 g of n-propyl alcohol and 22.1 g 
of acetylacetone with stirring (liquid B) . 

Then, 71.6 g of the liquid B was added to the 
above-mentioned liquid A, and the mixture was sufficiently 
stirred to form a coating composition. 
20 (2) Preparation of Coating Composition for Second 

Layer : 

(a) Preparation of Silane Hydrolyzate: 

56.3 g of an aqueous 0.05N hydrochloric 
acid solution was added dropwise to a mixture of 6.7 g of 

25 y-glycidoxypropyltrimethoxysilane, 4.35 g of y-glycidoxy- 
propylmethyldiethoxysilane and 12.24 g of vinyl trie thoxy- 
silane with stirring while controlling the temperature 
to 10 °C, and after completion of the dropwise addition, 
the mixture was stirred at room temperature for 1 hour to 

30 obtain a silane hydrolyzate. 

(b) Preparation of Coating Composition: 

To 15.4 g of the above-mentioned silane 
hydrolyzate were added 2.2 g of an epoxy resin ( tr imethylol- 
propane polyglycidyl ether marketed under the tradename of 
35 "Denacol EX320" by Nagase Sangyo K.K.), 214.3 g of n-propyl 
alcohol, 90.2 g of water, 28.7 g of ethyl cellosolve, 0.2 g 
of a silicone type surfactant, 30.1 g of the same colloidal 



BNSDOCID: <EP 0119331A1_1_> 



01 19331 



- 28 - 

silica dispersed in methanol as used in Example 1 and 0.9 g 
of aluminum acetylacetonate with stirring, and the mixture 
was sufficiently stirred to form a coating composition. 

(3) Coating and Curing: 

5 A lens undercoated in the same manner as 

described in (2) of Example 2 was spin-coated with the 
coating composition for the first layer , described in (1) 
above, under the same conditions as described in Example 8, 
and the coated lens was heated for 1 hour in an air drying 

10 oven at 110°C. The first layer-coated lens was subjected 
to the same activating gas treatment as conducted for the 
first layer in Example 1/ and the coating composition for 
the second coating, described in (2) above, was spin-coated 
on the coated lens under the same conditions as adopted for 

15 formation of the first coating layer- The coated lens was 
heated and cured at 110°C for 1 hour. 

(4) Test Results; 

The luminous transmittance of the obtained 
lens was 98.0%, and the reflected light had a deep reddish 

20 violet color. At the abrasion test, no scratches were 
formed, and at the dyeing test, the lens was so densely 
dyed that the luminous transmittance was reduced to 25.0%. 
The antiref lective effect after the dyeing test was not 
different from the antiref lective effect before the dyeing 

25 test at all. 

The refractive index of the first layer of the 
lens obtained in (3) above was 1.675 and the film thickness 
was 54 nm. The refractive index of the second layer was 1.40 
and the film thickness was 80 nm. The refractive index of 
30 the substrate layer (the undercoat layer) contiguous to the 

first layer was the same as that in Example 2, that is, 1.50. 
Com par ative Example 1 

A sample comprising Piano lens CR-3 9 as a substrate and 
an antiref lective coating of silicon monoxide and silicon 
3 5 dioxide formed on the substrate, which was prepared according 
to the teaching of Japanese Unexamined Patent Publication 
(KOKAI) No. 105249/78, was tested. It was found that the 
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sample had no dyeability, and many cracks were observed on 
the antireflective coating of the processed lens. 
Comparative Example 2 

A lens was prepared in the same manner as in Example 8 
5 except that the second layer was not coated. The luminous 
transmittance of the lens was 90.0% and any antireflective 
effect could not be attained at all. 

Com par a t i ve Ex am pi e 3 

A lens was prepared in the same manner as in Example 8 
10 except that the first layer was not coated but only the 

second layer was coated. The luminous transmittance of the 
lens was 92.9% and any antireflective effect could not be 
attained at all. 

Comparative Example 4 

A lens was prepared in the same manner as ±n Example 8 
5 except that the second layer was first coated and the first 
layer was then coated. The luminous transmittance of the 
lens was 89.6%, and any antireflective effect could not be 
attained at all. 
2 0 Example 10 

(1) Preparation of Coating Composition for First Layer: 

To 164.9 g of acetylacetone were added 17.2 g 
of tetra-n-butyl titan ate, 20.0 g of colloidal silica dis- 
persed in methanol (average particle diameter = 12 ± 1 nm, 
25 so iid content = 30%) and 0.11 g of a silicone type surfactant 
with stirring to obtain a coating composition. 

(2) Preparation of Coating Composition for Second 
Layer : 

A coating composition was prepared in the 
30 S ame manner as described in (1) above except that the amounts 
of the ingredients were changed as follows. 

Acetylacetone 162.00 g 

Tetra-n-butyl titanate 30.20 g 

Colloidal silica dispersed in methanol 10.00 g 
35 Silicone type surfactant 0.11 g 

(3) Preparation of Coating Composition for Third Layer: 
(a) Preparation of Silane Hyarolyzate; 
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19.8 g of an aqueous 0.05N hydrochloric 
acid solution was added dropwise to 5 6.5 g of ?-glycidoxy- 
pr opyltrimethoxysilane, 24.0 g of vinyltriethoxysilane and 
100-3 g of n-propyl alcohol with stirring while controlling 
5 the temperature to 10°C. After completion of the dropwise 
addition,- the mixture was stirred at room temperature for 
1 hour to obtain a silane hydrolyzate. 

(b) Preparation of Coating Composition: 

To 39.3 g of the above-mentioned silane 
2 0 hydrolyzate were added 150.5 g of n-propanol, 71.2 g of water, 
23.9 g of ethyl cellosolve, 32.5 g of the same colloidal 
silica dispersed in methanol as used in (1) above, 0.22 g of 
a silicone type surfactant and 0.98 g of aluminum acetyl— 
acetonate with stirring, and the mixture was sufficiently 
15 stirred to obtain a coating composition. 
(4) Coating and Curing: 

A diethylene glycol bisallyl carbonate polymer 
lens (Piano lens CR-39, 75 mm in diameter and 2.1 mm in 
thickness), which had been dipped in an aqueous sodium 
20 hydroxide solution and then washed, was spin-coated with 
the coating composition for the first layer, prepared in 
(1) above, under conditions described below. The coated 
lens was heated and dried at 90 °C for 0.75 hour. 

Spin— Coating Conditions: 
25 Rotation number = 35 00 rpm 

Rotation Time = 60 seconds 
Then, the heated lens was dipped in hot water 
at 40°C for 1 hour, washed with water and dipped in acetone 
to remove water drops adhering to the surface. Then, the 
30 lens was heated and dried at 110°C for 1 hour to form a first 
layer - 

The coating composition for the second layer, 
prepared in (2) above, was spin-coated on the obtained first 
layer under the same conditions as adopted above for formation 
35 of the first layer, and the coated lens was subjected to the 
heat treatment and the hot water treatment in the same manner 
as described above with- respect to formation of the first 
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layer to obtain a second layer. 

The coating composition for the third layer, 
prepared in (3) above, was spin-coated on the obtained second 
layer under the same conditions as adopted above for formation 
5 of the first layer except that the rotation time was changed 
to 30 seconds, and the coated lens was heated and cured for 
2 hours in an air drying oven at 93°C. 
(5) Test Results: 

The luminous transmittance of the obtained 
10 lens was 95.2%, and the reflected light had a reddish violet 
color. The luminous transmittance of the uncoated CR-39 lens 
was 92.6%. 

This antireflective lens was dyed at 90 °C for 
45 minutes in a dyeing solution formed by dispersing and 
15 dissolving a mixture of red, blue and yellow disperse dyes 
in water. The lens was dyed to such an extent that the 
luminous transmittance was reduced to 60-8%. In this anti- 
reflective lens, the color of the reflected light after the 
dyeing operation was not different from the color of the 
20 reflected light before the dyeing operation. 

The refractive indexes and film thicknesses 
of the first, second and third layers were as follows. 

Refractive Index Film Thickness 
First Layer 1-60 104 nm 

25 Second Layer 1.71 92 nm 

Third Layer 1.48 90 nm . 

Comparative Example 5 

A coated lens was prepared in the same manner as 
described in Example 10 except that the positions of the 
30 first and second layers were reversed, that is, the coating 
composition for the second layer was first coated on the 
substrate and the coating composition for the first layer 
was then coated. The luminous transmittance of the obtained 
lens was 88.9%, and the lens had a reflection larger than 
35 that of the untreated CR-39 lens. 
Example 11 

(1) Preparation of Antireflective Coating: 
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A lens which had been undercoated in the 
same manner as described in (2) of Example 2 was treated 
in the same manner as described in Example 10 to obtain an 
antiref lective coating. The refractive indexes and film 
5 thicknesses of the first, second and third layers were the 
same as those in Example 10. The refractive index of the 
substrate layer (the undercoating layer) contiguous to the 
first layer was 1.50. 

(2) Test Results: 

10 The luminous transmittance of the obtained 

lens was 96.9%, and the reflected light of the lens had a 
yellowish green color. When the lens was dyed at 90°C for 
45 minutes in a dyeing solution prepared by dispersing and 
dissolvxng a mixture of red, blue and yellow disperse dyes 

15 into water. The lens was dyed to such an extent that the 
luminous transmittance was reduced to 22.3%. Before and 
after the dyeing operation, the abrasion resistance was 
tested by using steel wool #0000. In each case, no scratches 
were formed by the abrasion. The reflective photospectrum 

20 0 f the obtained lens was determined to obtain results shown 

in Fig- 1. 

Example 12 

The procedures of Example 10 were repeated in the same 
manner except that an inorganic glass lens was used as the 
25 transparent substrate. 

The luminous transmittance of the obtained lens was 
96.8%, and the reflected light of the obtained antiref lective 
lens had a green color. 

Example 13 

30 (i) Preparation of Coating Composition for First Layer: 

To 358.5 g of acetylacetone was added 26.0 g 
of tetra-n-butyl titanate with stirring- Then, 20.0 g of 
colloidal silica dispersed in methanol (average particle 
diameter = 12 ± 1 nm, solid content = 30%) and 0.135 g of 
35 a silicone type surfactant were added to the resulting 
liquid mixture to form a coating composition. 

(2) Preparation of Coating Composition for Second Layer 
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(a) Preparation of Silane Hydrolyzate: 

5.4 g of an aqueous 0.01N hydrochloric 
acid solution was added dropwise at 10 °C to 23.6 g of 
Y-glycidoxypropyltrimethoxysilane with stirring. After 
completion of the dropwise addition, the mixture was 
stirred at room temperature for 1 hour to obtain a silane 
hydrolyzate. 

(b) Preparation of Coating Composition: 

To 6.94 g of the silane hydrolyzate 
prepared in (a) above were added 260 g of n-propanol , 111 g 
of water and 32.0 g of ethyl cellosolve, and the mixture was 
sufficiently stirred. Then, 13.3 g of the same colloidal 
silica dispersed in methanol as used in (1) above and 0.4 g 
of aluminum ace ty lace tonate were added to the mixture. The 
resulting mixture was sufficiently stirred to obtain a 
coating composition . 

(3) Coating and Curing: 

A filter of a Braun tube, which was used to 
reduce flickering of the picture, composed of a polymethyl 
methacrylate cast sheet colored into an amber color was 
washed with water and a detergent and then dip-coated with 
the above-mentioned coating composition for the first layer 
at a pull-up speed of 10 cm/min. The coated filter was 
heated for 60 minutes in an air drying oven at 93°C and 
dipped in hot water at 50 °C for 60 minutes. Water drops 
were removed by nitrogen blowing and the filter was heated 
and dried at 9 3°C for 60 minutes. Then, the coating compo- 
sition for the second layer was dip-coated on the obtained 
first layer in the same manner as adopted above for formation 
of the first layer, and the coated filter was heated and 
cured for 2 hours in an air drying oven at 93° C. 

(4) Test Results: 

The luminous transmittance of the obtained 
polymethyl methacrylate filter was 42.6% and the reflected 
rays were drastically reduced. The luminous transmittance 
of the uncoated polymethyl methacrylate cast sheet was 41.5%. 
The refractive index of the first layer was 1.76 and the film 
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thickness was 43 nm. The refractive index of the second 
layer was 1.43 and the film thickness was 92 nm. 

Incidentally, the refractive index of the 
substrate layer (polymethyl methacry late cast sheet) 
5 contiguous to the first layer was 1.49. 
Example 14 

The procedures of Example 13 were repeated in the same 
manner except that a polymethyl methacrylate filter which 
had been undercoated in the same manner as described in (2) 
10 0 f Example 6 was used. 

(1) Test Results: 

The luminous transmittance of the obtained 
polymethyl methacrylate filter was 43.9%, and the anti- 
reflective effect was so high that no substantial reflection 
15 was observed. When the abrasion resistance of the obtained 
filter was examined by using steel wool #0000, it was found 
that scratches were hardly formed by the abrasion. 

When the obtained filter was attached to a 
computer and the picture-reading test was carried out, it 
20 was found that flickering of the picture was drastically 
reduced and exterior light rays were hardly reflected on 
the picture. Thus, it was confirmed that a display device 
not substantially fatiguing eyes was provided. 
Example 15 

25 (1) Preparation of Coating Composition for First Layer: 

To 168.6 g of acetylacetone were added 0.10 g 
of a silicone type surfactant and 18.0 g of colloidal silica 
dispersed in methanol (average particle diameter - 12 ± 1 nm, 
solid content = 30%) with stirring. The mixture was suffx- 
3° ciently stirred and 15.5 g of tetra-n-butyl titanate was 
added, and the resulting mixture was sufficiently stirred 
to form a coating composition. 

(2) Preparation of coating Composition for Second 

Layer : 

35 (a) Preparation of Silane Hydrolyzate: 

19.8 g of an aqueous 0.05N hydrochloric 
acid solution was added dropwise to 56.5 g of Y -glycidoxy- 
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propyl trimethoxysilane and 24.0 g of vinyl trie thoxysilane 
with stirring while controlling the temperature to 10°C. 
After completion of the dropwise addition, the mixture was 
stirred at room temperature for 1 hour to obtain a silane 
5 hydrolyzate. 

(b) Preparation of Coating Composition: 

To 39.3 g of the above-mentioned silane 
hydrolyzate were added 150.5 g of n-propanol , 71.2 g of water, 
23.9 g of ethyl cellosolve, 32.5 g of the same colloidal 
10 silica dispersed in methanol as used in Example 1, 0.22 g of 
a silicone type surfactant and 0.98 g of aluminum acetyl- 
acetonate, and the mixture was sufficiently stirred to obtain 
a coating composition. 

(3) Coating and Curing: 

15 A diethylene glycol bisallyl carbonate polymer 

lens (Piano lens CR-39, 75 nun in diameter and 2.1 mm in 
thickness), which had been dipped in an aqueous sodium 
hydroxide solution and then washed, was spin-coated with the 
coating composition prepared in (1) above under conditions 
20 described below. The coated lens was heated and dried at 
90 °C for 1 hour. 

Spin-Coating Conditions: 

Rotation number = 3500 rpm 
Rotation time = 60 seconds 
25 The heated lens was dipped in hot water 

maintained at 40 °C for 1 hour and was then heated and dried 
at 110°C for 1 hour. 

The coating composition for the second layer, 
prepared in (2)-(b) above, was spin-coated on the obtained 
30 first layer under the same conditions as adopted for 
formation of the first layer, and the coated lens was 
heated and cured for 2 hours in an air drying oven at 93 °C. 

(4) Test Reuslts: 

The luminous transmittance of the obtained 
35 lens was 96.7%, and the reflected light of the obtained 

an tire flee tive lens had a reddish violet color. The lumi- 
nous transmittance of the lens before the above-mentioned 
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antireflective treatment was 92.6%. The antiref lective 
lens was dyed at 90 °C for 3 0 minutes in a dyeing solution 
obtained by dispersing and dissolving a mixture of red, blue 
and yellow disperse dyes in water. The lens was dyed to 
5 such an extent that the luminous transmittance was reduced 
to 40.6%. The antireflective effect was not reduced by the 
dyeing treatment at all. 
Example 16 

The procedures of Example 15 were repeated in the same 
10 manner except that a lens which had been undercoated in the 
same manner as described in (2) of Example 2 was used as the 
substrate. 

The luminous transmittance of the obtained lens was 
96.2%. The reflected light had a reddish violet color. When 

15 the abrasion resistance of the obtained lens was examined by 
using steel wool #0000, it was found that scratches were 
hardly formed by the abrasion. This antireflective lens was 
dyed at 90°C for 30 minutes in a dyeing solution obtained by 
dispersing and dissolving a mixture of red, blue and yellow 

20 disperse dyes in water. The lens was dyed to such an extent 
that the luminous transmittance was reduced to 5 4.9%. The 
antireflective effect was not reduced by the dyeing treatment 
at all. 

The luminous transmittance of the undercoated lens which 
25 was not subjected to the above antireflective treatment was 
92.78%. 

The reflective photospectrum of the obtained antireflec- 
tive lens was determined to obtain results shown in Fig. 2. 
Comparative Example 6 
30 An antireflective lens was prepared in the same manner 

as described in Example 16 except that the undercoated lens 
was dyed with a red dye prior to the antireflective treatment. 
Dissolution of the red dye into the coating composition for 
the first layer was observed, and the coating composition 
35 became red. 

Example 17 

The procedures of Example 16 were repeated in the same 
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manner except that the lens used was changed to a diethylene 
glycol bisallyl carbonate polymer lens of -4.00 diopters. 

The obtained antiref lective lens had the same properties 
as those of the an tire f lective lens obtained in Example 16. 
5 Example 18 

The procedures of Example 16 were repeated in the same 
manner except that the lens used was changed to a diethylene 
glycol bisallyl carbonate polymer lens of +2.00 diopters. 

The obtained antiref lective lens had the properties as 
10 those of the antiref lective lens obtained in Example 16. 

Example 19 

The procedures of Example 16 were repeated in the same 
manner except that the lens used was changed to an inorganic 
glass lens (65 mm in diameter and 2.0 mm in thickness). 

15 The luminous transmittance of the obtained antireflec- 

tive lens was 94.8%. The obtained lens was dyed in the 
same manner as in Example 16 except that the dyeing time 
was changed to 3 hours. The lens was dyed to such an extent 
that the luminous transmittance was reduced to 70.0%. 

20 Incidentally, the luminous transmittance of the untreated 
lens was 91.9%. 
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CLAIMS 

1. A transparent material having an antiref lective 
coating comprising at least two layers, which is formed at 
least on a part of the surface of a transparent substrate, 
wherein the thickness and refractive index of the layer 
(layer I) contiguous to the substrate and the thickness and 
refractive index of the outermost layer (layer O) satisfy 
the following requirements: 

|X x 0.7 < n I d ][ < |x x 1.3, and 

x 0.7 < n o d Q < fx x 1.3, 

wherein n represents the refractive index of the 
layer contiguous to the substrate, n Q represents 
the refractive index of the outermost layer, d J 
represents the film thickness (in nm) of the 
layer contiguous to the substrate, d Q represents 
the film thickness (in nm) of the outermost layer, 
SL is a positive integer, m is an odd positive 
integer, and X stands for an optional standard 
wavelength (in nm) selected within the visible ray 
wavelength region or in the vicinity thereof, and 

n i > n o and n i > n s 

wherein n s represents the refractive index of the 
substrate, 

the composition for forming the layer contiguous to the 
substrate is a composition comprising at least one member 
selected from the group consisting of alkoxides and acylates 
of titanium, aluminum and zirconium having 1 to 12 carbon 
atoms, chelate compounds of said metals and dispersed phases 
in liquid of oxides of said metals, in an amount of at least 
10% by weight as the metal oxide equivalent weight, based on 
the weight of the coating layer-forming components, and the 
composition for forming the outermost layer is a composition 
comprising at least one compound selected from the group 
consisting of an organic silicon compound represented by 
the following general formula: 
Rl a R2 b Si(0R) 4-a-b 
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wherein R and R independently stand for a hydro- 
carbon group having 1 to 10 carbon atoms, which 
contains an alkyl, alkenyl , aryl, halogeno, epoxy , 
amino, mercapto, methacryloxy or cyano group, R 
stands for an alkyl, alkoxyalkyl or acyl group 
having 1 to 8 carbon atoms, a and b are 0 or 1 , 
and the sum of a and b is 1 or 2, 
and a hydrolyzed product of said organic silicon compound 
in an amount of at least 20% by weight as the solid content 
eguivalent weight and based on the weight of the coating 
layer-forming components . 

2. A transparent material as set forth in claim 1, 
wherein the antiref lective coating has two layers. 

3. A transparent material as set forth in claim 1, 

wherein the antiref lective layer has three layers, the 

refractive index and film thickness of an intermediate layer 

(layer M) interposed between the layer contiguous to the 

substrate and the outermost layer satisfy the following 

requirements : 

20 §X x 0.7 < n d < £\ x 1.3, and 

4 M M 4 

"S K n i * n M 

wherein' n M represents the refractive index of the 
intermediate layer, d M represents the film thick- 
25 ness (in nm) of the intermediate layer, and n is 

a positive integer. 

4. A transparent material as set forth in claim 3, 
wherein the composition for forming the intermediate layer 
interposed between the layer contiguous to the substrate and 

30 the outermost layer is a composition comprising at least one 
member selected from the group consisting of alkoxides , 
acylates,. chelate compounds and dispersed phases in liquid 
of oxides of titanium, aluminum and zirconium, in an amount 
of at least 10% by weight as the metal oxide equivalent 

3 5 weight, based on the weight of the coating layer -forming 
components . 

5. A transparent material as set forth in any of 
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claims 1 through 4, wherein the transparent substrate is a 
transparent plastic article. 

6. A transparent material as set forth in claim 5, 
wherein the plastic article is covered with a dyeable, 
highly hardened coating film. 

7. A transparent material as set forth in any of 
claims 1 through 4 f wherein the transparent substrate is a 

glass article . 

8. A transparent material as set forth in claim 7, 
wherein the glass article is covered with a dyeable, highly 
hardened coating film. 

9. A transparent material as set forth in claim 5 
or 6, wherein the plastic article is an article of a 
diethylene glycol bisallyl carbonate polymer, 

10. A transparent material as set forth in claim 5 

or 6, wherein the plastic article is an article of polymethyl 
me thacr y 1 a te . 

11. a transparent material as set forth in any of 
claims 1 through 3, wherein the transparent substrate is 
colored by dyeing. 

12. A transparent material as set forth in any of 
claims 1 through 3, wherein the transparent substrate is a 
lens. 

13. A transparent material as set forth in any of 
claims 1 through 3, wherein the transparent substrate is a 
display plate or display filter. 

14. A transparent material as set forth in claim 1, 
wherein at least one of R 1 and R 2 in the formula 

p 1 p 2 Si(OH) is a hydrocarbon group containing an 

K a K b 4-a-b 
epoxy group. 

15. A transparent material as set forth in any of 
claims 1 through 3, wherein at least one layer of the 

. antireflective coating is a coating layer containing 

colloidal silica . 

16. A process for the preparation of an antireflective 
transparent material having an antireflective coating com- 
prising at least two layers, which is formed at least on a 
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part of the surface of a transparent substrate, wherein 

the thickness and refractive index of the layer (layer I) 

contiguous to the substrate and the thickness and refractive 

index of the outermost layer (layer O) satisfy the following 

5 requirements: 

4 x 0.7 < n d T <|a x 1.3, and 
4 114 

fx x 0.7 < n Q d 0 < |X x 1.3, 

wherein n^ represents the refractive index of the 
10 layer contiguous to the substrate, n Q represents 

the refractive index of the outermost layer, d^. 
represents the film thickness (in nm) of the layer 
contiguous to the substrate, d^ represents the 
film thickness (in nm) of the outermost layer, 
15 & is a positive integer, m is an odd positive 

integer, and X stands for an optional standard 
wavelength (in nm) selected within the visible ray 
wavelength region or in the vicinity thereof, and 

n i > n o and n i > n s 
20 wherein n represents the refractive index of the 

substrate , 

the composition for forming the layer contiguous to the 
substrate is a composition comprising at least one member 
selected from the group consisting of alkoxides and acylates 

25 of titanium, aluminum and zirconium having 1 to 12 carbon 

atoms, chelate compounds of said metals and dispersed phases 
in liquid of oxides of said metals, in an amount of at least 
10% by weight as the metal oxide equivalent weight, based on 
the weight of the coating layer- forming components, and the 

30 composition for forming the outermost layer is a composition 
comprising at least one compound selected from the group 
consisting of an organic silicon compound represented by 
the following general formula: 

Rl a R2 b si < OR >4-a-b 

35 1 2 

wherein R and R independently stand for a hydro- 
carbon group having 1 to 10 carbon atoms, which 
contains an alkyl, alkenyl, aryl , halogeno, epoxy, 
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amino, mercapto, methacryloxy or cyano group, R 
stands for an alkyl, alkoxyalkyl or acyl group 
having 1 to 8 carbon atoms, a and b are 0 or 1, 
and the sum of a and b is 1 or 2, 
and a hydrolyzed product of said organic silicon compound 
in an amount of at least 20% by weight as the solid content 
equivalent weight, based on the weight of the coating layer- 
— forming components, said process comprising independently 
coating on the transparent substrate, drying and curing 
liquid coating compositions for forming the respective 
coating layers. 
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